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“The generation of random numbers is too important to be left to chance.”—Robert R Coveyou 

The randomized controlled trial (RCT) has become the standard by which studies of 
therapy are judged. The key to the RCT lies in the random allocation process. When 
done correctly in a large enough sample, random allocation is an effective measure in 
reducing bias. In this article we describe the random allocation process.

What makes up the random allocation process?
The random allocation process consists of two steps:
1. generating an unpredictable random sequence,
2.  implementing the sequence in a way that conceals the treatments until patients 

have been formally assigned to their groups.

What are acceptable ways of generating a random sequence?
Simple random allocation is the easiest and most basic approach that provides unpre-
dictability of treatment assignment. In simple random allocation, treatment assign-
ment is made by chance without regard to prior allocation (that is, it bears no relation 
to past allocations and it is not discoverable ahead of time). 

Good methods of generating a random allocation sequence include using a random-
numbers table or a computer software program that generates the random sequence. 
There are manual methods of achieving random allocation such as tossing a coin, 
drawing lots or throwing dice. However, these manual methods in practice often be-
come nonrandom, are difficult to implement and do not leave an audit trail. There-
fore, they are not generally recommended. Procedures to avoid completely include 
using hospital chart numbers, alternating patients sequentially or assigning by date 
of birth. 

Because simple random allocation has no relationship with prior assignment, un-
equal group sizes can happen by chance, especially in small sample sizes. To illustrate 
this point, 20 different random allocation sequences were generated for two treat-
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ments that had a total sample size of 20 patients. Here are the results of the number of 
patients randomly assigned to each of two treatment groups (A or B) (Table 1):

Table 1 

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 #15 #16 #17 #18 #19 #20

Group A 13 10 10 12 4 9 9 12 13 11 10 12 13 8 10 11 10 7 6 6

Group B 7 10 10 8 16 11 11 8 7 9 10 8 7 12 10 9 10 13 14 14

Difference 6 0 0 4 12 2 2 4 6 2 0 4 6 4 0 2 0 6 8 8

As you can see, an imbalance of six patients or more between groups occurred seven 
times (35% of the time). In trial number five, the difference was twelve! However, this 
concern about group imbalance diminishes as the sample size gets bigger. In general 
for a two-arm trial, the probability of a significant imbalance is negligible with a sam-
ple size of 200 or more [1]. Alternatively, there are procedures other than simple ran-
dom allocation that can be used to ensure balanced group sizes, such as blocking, the 
random allocation rule, and replacement randomization [1].

What is allocation concealment?
Allocation concealment is the technique of ensuring that implementation of the ran-
dom allocation sequence occurs without knowledge of which patient will receive 
which treatment, as knowledge of the next assignment could influence whether a pa-
tient is included or excluded based on perceived prognosis. 

For example, suppose that a spine surgeon has been working on a new kind of bone 
substitute that from a series of patients has shown great promise. The surgeon believes 
using this new substitute is better than the current method and wants to demonstrate 
this advantage in a randomized controlled trial. Let’s also assume the random sequence 
has been generated, the new bone substitute is the next treatment to be given, and the 
surgeon knows that this treatment is next on the list. The next patient seen by the sur-
geon has comorbidities that make the surgeon believe that this patient is risky of 
achieving success with any treatment even though the patient meets the inclusion/ex-
clusion criteria for the study. In this scenario one might easily subconsciously justify 
not enrolling the patient. Perhaps the patient hesitates briefly when the study is men-
tioned and the surgeon suggests that the patient sleep on the idea of participating. May-
be the surgeon decides to get more tests before offering enrollment. The number of dif-
ferent subtle possibilities to exclude this patient is only limited by one’s imagination. 

What is the result when concealment is not ensured? 
One can expect a biased estimate of the treatment effect, and is in some cases as much 
as 40% or larger [2].

What are acceptable ways to ensure concealment? 
The following are considered adequate approaches to concealed allocation:
•	 Central randomization. In this technique the individual recruiting the patient 

contacts a central methods center by phone or secure computer after the patient is 
enrolled.

•	 Sequentially numbered, opaque, sealed envelopes. This method is generally con-
sidered acceptable, but may be susceptible to manipulation [3]. If investigators use 
envelopes, it is suggested that the envelopes receive numbers in advance, and are 
opened sequentially, only after the participant’s name is written on the appropri-
ate envelope. In addition, the use of pressure sensitive paper inside the envelope 
should be used to transfer information to the assigned allocation. This can then 
serve as a valuable audit trail [4].
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Did the random allocation work?
Researchers should always present the distributions of baseline characteristics by 
treatment group in a table (often the first table). This allows the reader to compare the 
groups at baseline on the distribution of important prognostic characteristics and al-
lows surgeons to infer results to specific populations [5]. The reader should look for the 
magnitude of the differences between groups (if any are present) to see if those differ-
ences should be accounted for in the analysis. 

The use of P-values to determine if differences in baseline characteristics are impor-
tant is not appropriate in randomized trials [4, 6]. Remember, the P-value is not a mea-
sure of the size of the effect, but is the probability that any differences are due to 
chance. In a trial with proper randomly generated and concealed allocation any differ-
ences at baseline are due to chance.

Conclusions
•	 The key phrase in an RCT is “random allocation” and it must be done properly, us-

ing two steps: 
 – generating the random sequence, 
 – implementing the sequence in a way that it is concealed.

•	 One should consider using a random numbers table or computer program to gen-
erate the random allocation sequence. 

•	 To minimize the effect of bias, the random allocation sequence should remain 
concealed from those enrolling patients into the study. 
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